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(7) ABSTRACT

A thinfilm resistor includes a resistive element with a
predetermined length and width deposited on a substrate. An
insulator layer is patterned so as to cover all of the resistive
element except the ends in the width direction and is tapered.
Electrodes are connected to respective ends of the resistive
element via a plating base layer. The electrodes have a
reduced resistance. The thin-film resistor can exhibit high
accuracy and a small range of variation of the resistance.

4 Claims, 5 Drawing Sheets

4 5

5
)
\

S

/

/
2

2222

1




U.S. Patent Aug. 17, 2004 Sheet 1 of 5 US 6,777,778 B2

FIG. 1
1 5 13!—‘;III 5
x (\”'\3(/ [
M e T
0 e
KLa i
L
FIG. 2
> @%@»\
G ////
FIG. 3 -

|4

A5
//////////AM




U.S. Patent Aug. 17, 2004 Sheet 2 of 5 US 6,777,778 B2
2
/

FIG. 4A Pz

FIG. 4B | 7

FIG. 4C

FIG. 4D

FIG. 4E

L

3 4 5
( [ ( L

FIG. 4F B N
v )////////A‘

2




U.S. Patent

Aug. 17, 2004

FIG. 5

Sheet 3 of 5

US 6,777,778 B2

|~ —

|

W+f

|

FIG. 6

/.
(o%)

RESIST
PATTERN

[y PRSPy S
[l it
i1 :"I
1 ! Il
1 o 'I
It P l‘
A C '
} RN P
r ‘.1 ..
l / ]

1
t
La

i
PSR DN

\

.

2 3

l!
5 i[k

4



U.S. Patent

Aug. 17, 2004 Sheet 4 of 5

US 6,777,778 B2

FIG. 7
PRIOR ART
12 11 12 10
[ [ { (
TR
[l ] / f’]
I
Il
L
FIG. 8
PRIOR ART
12 12
x\\\\\\J IA&\\\\\\

\\\\\\\\\\&\\\\\\

11



U.S. Patent Aug. 17, 2004 Sheet 5 of 5 US 6,777,778 B2

FIG. 9A
PRIOR ART

FIG. 9B
PRIOR ART

FIG. 9C
PRIOR ART

FIG. 9D
PRIOR ART

Al

P S S SRV S S A M A A S S A ST S S S S S S— S——

13 13

777

Al

W//
MSSMUODSSNNNNNNNNY. o
10

77 ////// )

NANNNN AN 4

e

12 12

\ \
SN AN

11111111111

x\\\\\\\ﬁ\\\\\\w 0

1



US 6,777,778 B2

1

THIN-FILM RESISTOR AND METHOD FOR
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thin-film resistor used
for various miniature electronic circuits and to a method for
manufacturing the resistor.

2. Description of the Related Art

FIG. 7 is a plan view of a known thin-film resistor, FIG.
8 is a sectional view of the thin-film resistor, and FIGS. 9A
to 9D are schematic drawings showing a process of the
thin-film resistor. As shown in FIGS. 7 and 8, the known
thin-film resistor comprises a resistive element 11 and a pair
of electrodes 12 disposed on an alumina substrate 10. The
resistance of the thin-film resistor is defined by the length L
and the width W of the resistive element 11 between the
electrodes 12.

In order to prepare the thin-film resistor having the
above-described structure, first, TaN for the resistive ele-
ment 11 and Al for the electrodes 12 are formed into films,
in that order, on the alumina substrate 10 by vapor
deposition, ion beam sputtering, or the like, as shown in FIG.
9A. Then the films are patterned into predetermined shapes
by etching, ion milling, or the like. Next, as shown in FIG.
9B, the Al is covered with a photoresist by spin coating, and
is subsequently exposed to light to form a resist pattern 13
having a predetermined shape. The Al exposed at the resist
pattern 13 is subjected to wet etching, as shown in FIG. 9C.
Thus, the thin-film resistor having the resistive element 11
between the electrodes 12 is completed, as shown in FIG.
9D.

The resistance of the electrodes 12 must be reduced in
known thin-film resistors. However, the electrodes 12 are
formed of an electrode material, such as Al, to a small
thickness of about 100 to 500 nm by vapor deposition, ion
beam sputtering, or the like, and therefore, it is difficult to
sufficiently increase the thickness of the electrodes 12 and,
consequently, to reduce the resistance. Also, patterning the
electrode material by wet-etching to form the electrodes 12
causes a large amount of side etch in edges of the electrodes
12, as shown in FIG. 9C. As a result, the length L of the
resistive element 11 between the electrodes 12 varies and
thus the precision of the resistance is degraded. Instead of
forming the single-layer Al electrodes, Cr/Cu, Cr/Cu/Cr,
Cr/Au, Cr/Au/Cr, and the like can be used to form two-layer
or three-layer electrodes. This multilayer structure causes
stepped side etch in edges of the electrodes because the
plurality of layers are subjected to wet etching to pattern the
electrodes, thereby degrading the precision of the resistance,
as in the single-layer electrodes.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide an accurate thin-film resistor which includes elec-
trodes having a reduced resistance and which exhibits only
a small range of variation in resistance.

To this end, according to one aspect of the present
invention, a thin-film resistor is provided. The thin-film
resistor has a substrate, a resistive element deposited on the
substrate, and a tapered insulator layer patterned so as to
cross over the resistive element in the width direction. A
plating base layer is formed on the resistive element and the
insulator layer and is divided into a pair of portions on the
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insulator layer such that the gap between the portions
extends across the width of the resistive element. A pair of
electrodes is formed on the surfaces of the pair of portions.

The present invention is also directed to a method for
manufacturing a thin-film resistor including the steps of:
depositing a resistive element having a predetermined length
and width on a substrate; forming an insulating resist pattern
defining an insulator layer on the substrate so as to cover all
of the resistive element except the ends in the longitudinal
direction of the resistive element; tapering the insulating
resist pattern to form the insulator layer; forming a plating
base layer on the substrate by plating to cover the resistive
element and the insulator layer; forming a pair of electrodes
on the surface of the plating base layer by plating such that
the gap between the electrodes extends across the width of
the resistive element; and removing the plating base layer
between the electrodes.

By forming the electrodes to large thickness by plating,
the resistance of the electrodes can be reduced. Also, since
the resistance of the thin-film resistor is defined by the shape
of the insulating resist pattern of the insulator layer, the
resulting thin-film resistor can have high accuracy and a
small range of variation of the resistance.

In the method for manufacturing the thin-film resistor, the
step of tapering the insulating resist pattern may include a
sub step of post-baking the insulating resist pattern and
subsequently curing the insulating resist pattern. Preferably,
after post baking, the insulating resist pattern is exposed to
ultraviolet light and is then cured. By being exposed to
ultraviolet light, the original shape of the tapered insulating
resist pattern formed by post baking can be maintained even
after curing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a thin-film resistor according to
an embodiment of the present invention;

FIG. 2 is a sectional view taken along line II—II in FIG.
1

FIG. 3 is a sectional view taken along line III—III in FIG.

1

FIGS. 4A to 4F are schematic drawings showing a process
of the thin-film resistor;

FIG. § is a schematic drawing showing a step of the
process of the thin-film resistor;

FIG. 6 is a schematic drawing showing a step of the
process of the thin-film resistor;

FIG. 7 is a plan view of a known thin-film resistor;

FIG. 8 is a sectional view of the known thin-film resistor;
and

FIGS. 9A to 9D are schematic drawings showing a
process for manufacturing the known thin-film resistor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment will be described with reference to
drawings. FIG. 1 is a plan view of a thin-film resistor
according to an embodiment of the present invention. FIGS.
2 and 3 are sectional views taken along line II—II and line
III—III in FIG. 1, respectively. FIGS. 4A to 4D show a
process of the thin-film resistor. FIGS. 5 and 6 are plan
views showing steps in the process and correspond to FIG.
4B and FIG. 4E, respectively.

As shown in FIGS. 1 to 3, the thin-film resistor according
to the embodiment includes a substrate 1, a resistive element
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2 formed on the substrate 1, an insulator layer 3 patterned so
as to cross over the resistive element 2 in the width direction,
a plating base layers 4 divided into a pair of portions formed
on the resistive element 2 and the insulator layer 3, and a pair
of electrodes 5 formed on the surfaces of the pair of portions
of the plating base layer 4 by plating. The insulator layer 3
is tapered. The pair of electrodes S5 is separated such that the
gap between the electrodes 5 extends across the width of the
resistive element 2. The electrodes 5 are connected to
respective sides in the longitudinal direction of the resistive
element 2 via the plating base layer 4. The resistance of the
thin-film resistor is defined by the length L in the longitu-
dinal direction of the under surface of the insulator layer 3
and the length W in the width direction of the resistive
element 2.

The substrate 1 is formed of glazed-alumina or non-
glazed alumina. The resistive element 2 is formed of a
resistive material, such as TaN, NiCr, TaSi, and TaSiO.
When the resistive material has a low specific resistance like
TaN, preferably, a glazed alumina substrate (a sintered
alumina substrate with a purity of 96% coated with glass) is
used. When the resistive material has a high specific resis-
tance like TaSiO, a non-glazed alumina substrate (for
example, 99.5%-or 99.7%-alumina substrate) may be used.

The insulator layer 3 is formed to cover all of the resistive
element 2 except the ends in the longitudinal direction. The
insulator layer 3 is tapered so that the cross section thereof
is substantially trapezoidal. In order to form the insulator
layer 3, for example, a positive photoresist is exposed and
developed to form an insulating resist pattern having a
desired shape. The insulating resist pattern is post-baked at
a temperature of 110 to 180° C. to be tapered, and is then
cured in an atmosphere of nitrogen gas at a temperature of
220 to 260° C. Thus, the insulator layer is formed.
Alternatively, after post baking, the resist pattern may be
exposed to ultraviolet light and then cured at a temperature
of 220 to 250° C. This method is preferable as it maintains
the original shape of the tapered insulator layer 3.

The plating base layer 4 is formed with a plurality of
metal layers of Cr/Cu, Ti/Cu, Cr/Au, Ti/Au, or the like by
sputtering, vapor deposition, ion beam sputtering, or the
like. In this instance, preferably, the thickness of Cr or Ti,
which is a lower layer of the plating base layer 4 serving as
an adhesion layer, is in the range of 5 to 50 nm. The
thickness of Cu or Au, which is an upper layer, is in the range
of 50 to 200 nm.

The electrodes 5 are formed of Cu, Au, Cu/Ni, Cu/Ni—P,
or the like by electrolytically plating the surface of the
plating base layer 4. Plating provides the electrodes § with
sufficient thickness. Preferably, the thickness of the elec-
trodes 5 is in the range of about 500 nm to 5 um. This
thickness leads to a reduced resistance of the electrodes 5. In
order to separate the electrodes S such that the gap therebe-
tween extends across the width of the insulator layer 3, the
plating base layer 4 and the electrodes § are formed such that
they have the same shape in plan view. In this instance, a
resist pattern is formed on regions of the plating base layer
4 where the electrodes 5 are not to be formed, and then the
surface of the plating base layer 4 is electrolytically plated
with an electrode material. The resist pattern is then
removed to complete the electrodes 5 having a desired
shape. After the removal of the resist pattern, the region of
the plating base layer 4 which was covered with the resist
pattern is removed by ion milling to form the plating base
layer 4 having the same shape in plan view as that of the
electrodes 5. Since the insulator layer 3 is tapered, the
plating base layer 4 is completely removed from the sub-
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strate 1 at both sides in the width direction of the insulator
layer 3 (from the regions designated by reference numeral
la in FIG. 1). Thus, short circuiting between the pair of
electrodes 5 can be prevented. Also, since the insulator layer
3 is tapered, the plating base layer 4 can be formed sub-
stantially uniformly on the sloped periphery of the insulator
layer 3, as shown in FIG. 2. Thus, the electrodes 5 on the
plating base layer 4 can be made with high accuracy and
with no defects.

A method for manufacturing the thin-film resistor will
now be described with reference to FIGS. 4A to 6.

First, in the step of forming a resistive element, TaN
material, as a resistive material, is deposited to a thickness
of 10 to 100 nm on the substrate 1, which may be a
non-glazed or a glazed-alumina substrate, by vapor
deposition, ion beam sputtering, or the like, and subse-
quently a positive photoresist is applied on the resistive
material by spin coating. Then, the photoresist is subjected
to exposure and development to form a resist pattern having
a desired shape and to expose the resistive material at the
resist pattern. The resistive material exposed at the resist
pattern is removed by wet etching, reactive ion etching
(RIE), ion milling, or the like, and then the resist pattern is
removed. Thus, the resistive element 2 having a desired
shape on the substrate 1 is formed, as shown in FIG. 4A.

Next, in the step of forming an insulating resist pattern
defining the insulator layer 3, the resistive element 2 is
covered with a positive photoresist by spin coating. As
shown in FIG. 4B, the photoresist is subjected to exposure
and development to form an insulating resist pattern having
a desired shape, which results in the insulator layer 3 in the
following step. The resist pattern has a thickness of 500 nm
to 3 um across the width of the resistive element 2. As shown
in FIG. 5, the resulting insulator layer 3 has a length L
smaller than the entire length L+c of the resistive element 2
and a width W+f larger than the width W of the resistive
element 2. The shape of the insulating resist pattern accu-
rately defines the resistance of the thin-film resistor.
Specifically, the resistance of the thin-film resistor is defined
by the thickness, the width W, and the length L of the region
of the resistive element 2 covered with the insulator layer 3.
The thickness and the width W can be set accurately by
patterning the resistive material and the length L. can be
defined accurately by the shape of the insulating resist
pattern.

Next, in the step for tapering the insulating resist pattern,
the resist pattern is post-baked at a temperature of 110 to
180° C. and is subsequently exposed to ultraviolet light to
harden the surface thereof. Then, the insulator layer 3 is
cured at a temperature of 220 to 250° C., so that the resist
pattern is tapered, as shown in FIG. 4C, and thus the
insulator layer 3 is formed. In the tapering step, an oxide
layer is formed on the surface of both ends of the resistive
element 2, which are not covered with the insulator layer 3.
Preferably, this surface oxide layer is removed by milling or
by counter sputtering.

Next, in the step of forming a plating base layer, for
example, Cr and Cu are deposited in that order by sputtering,
vapor deposition, ion beam sputtering, or the like to cover
the resistive element 2 and the insulator layer 3, thus
forming in the plating under layer 4 as shown in FIG. 4D.

Next, in the step of forming electrodes, a positive pho-
toresist is applied by spin coating to cover the plating base
layer 4. The photoresist is subjected to exposure and devel-
opment to form a resist pattern having a desired shape in the
region of the plating base layer 4 where the electrodes are



US 6,777,778 B2

5

not formed. Then, the surface of the plating base layer 4
exposed at the resist pattern is electrolytically plated with Cu
to form the pair of electrodes 5 having a sufficient thickness
of 0.5 to 5 nm, as shown in FIG. 4E. In this instance, the
resist pattern is formed in the shaded region in FIG. 6. After
completing the electrodes 5, the resist pattern is removed to
expose the plating base layer 4.

Finally, in the step of removing the plating base layer 4,
Ar ions are applied at an incident angle of 0° to 30° by ion
milling, as shown in FIG. 4F, to remove the plating base
layer 4 (shaded region in FIG. 6) exposed by the removal of
the resist pattern in the step of forming the electrodes. As a
result, the plating base layer 4 having the same shape as that
of both electrodes 5 in plan view is completed. The elec-
trodes 5 are connected to respective ends in the longitudinal
direction of the resistive element 2 via the plating base layer
4. In this step, since the insulator layer 3 is tapered, the
plating base layer 4 formed on the surface of the insulator
layer 3 is reliably removed without being reattached against
the incident angle of the ions. When the plating base layer
4 is completely removed by ion milling, the surface of the
insulator layer 3 underlying the plating base layer 4 is also
slightly removed. However, the insulator layer 3 has suffi-
cient thickness, and therefore, the resistive element 2, which
is the undermost layer, is not subjected to the ion milling.

As described above, in the thin-film resistor according to
the embodiment, by forming the electrodes § with a large
thickness by plating, the resistance of the electrodes 5 can be
reduced. Also, since the resistance is defined by the insu-
lating resist pattern for forming the insulator layer 3, the
variation of the resistance can be reduced. Therefore, a
highly accurate thin-film resistor having a reduced variation
of the resistance can be achieved.

What is claimed is:

1. A thin-film resistor comprising:

a substrate;
a resistive element deposited on the substrate;

an insulator layer patterned so as to cross over the
resistive element in a width direction, a resistance of
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the thin-film resistor being defined by a length in a
longitudinal direction of an under surface of the insu-
lator layer, the insulator layer being tapered,;

a plating base layer formed on the resistive element and
the insulator layer, the plating base layer being divided
into a pair of portions on the insulator layer such that
a gap between the portions extends across a width of
the resistive element; and

a pair of electrodes formed on surfaces of the pair of
portions,

wherein the substrate comprises non-glazed alumina, and
the resistive element comprises TaSiO.

2. A thin-film resistor comprising:

a substrate;

a resistive element deposited on the substrate;

an insulator layer patterned so as to cross over the
resistive element in a width direction, a resistance of
the thin-film resistor being defined by a length in a
longitudinal direction of an under surface of the insu-
lator layer, the insulator layer being tapered,;

a plating base layer formed on the resistive element and
the insulator layer, the plating base aver being divided
into a pair of portions on the insulator layer such that
a gap between the portions extends across a width of
the resistive element; and

a pair of electrodes formed on surfaces of the pair of
portions,

wherein the plating base layer comprises any one of
Cr/Cu, Ti/Cu, Cr/Au, or Ti/Au Cr or Ti being a lower
layer of the plating layer, and Cu or Au being an upper
layer of the plating base layer.

3. The thin film resistor according to claim 2, wherein the
substrate comprises glazed alumina, and the resistive ele-
ment comprises any one of TaN, NiCr, or TaSi.

4. The thin film resistor according to claim 2, wherein the
pair of electrodes are films comprising any one of Cu, Au,
or Cu/Ni.



